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INTRODUCTION $*bad 
l 
During l a t e  summer and e a r l y  autumn f i s h  f r y  of many s p e c i e s  occur 
p e l a g i c a l l y  i n  t h e  Baren ts  Sea. S ince  1965 j o i n t  i n t e r n a t i o n a l  
surveys  have been c a r r i e d  o u t  y e a r l y  i n  t h i s  a r e a  du r ing  12-15 days 
i n  l a t e  August and e a r l y  September (F ig .  1) .  The primary aim of 
t h e s e  surveys  i s  t o  map t h e  geographica l  d i s t r i b u t i o n  and t o  
o b t a i n  e s t i m a t e s  of y e a r c l a s s  s t r e n g t h  of O-group f i s h .  Yearly 
p re l imina ry  r e s u l t s  from t h e  surveys  have been r epo r t ed  t o  t h e  
ICES annua1 meeting (ANON. 1965-72 and DRAGESUND 1 9 7 0 ~ ) .  DRAGESUND 
(1970 a  and b )  and HYLEN and DRAGESUND (1970) have made f u r t h e r  
ana lyses  of some of t h e  r e s u l t s .  I n  t h e  annua1 r e p o r t s  t h e  year-  
c l a s s  s t r e n g t h  of t h e  d i f f e r e n t  s p e c i e s  has  been s t a t e d  t o  be poor ,  
average o r  s t r o n g ,  and t h i s  g rad ing  has s o  f a r  been based mainly 
on t h e  exper ience  of t h e  p a r t i c i p a t i n g  s c i e n t i s t s .  For some of 
t h e  involved s p e c i e s ,  i n d i c e s  of echo abundance have been used t o  
c l a s s i f y  t h e  y e a r c l a s s  s t r e n g t h  (DRAGESUND and NAKKEN 1970) .  
DRAGESUND (1971) has  compared t h e  echo abundance i n d i c e s  a t  t h e  
O-group s t a g e  wi th  abundance i n d i c e s  ob ta ined  by o t h e r  methods a t  
> a g e - 3  y e a r s  f o r  come s p e c i e s ,  and he conc ludes :  "A v e r y  c l o s e  
c o r r e l a t i o n  i s  found between t h e  two independen t  e s t i m a t e s  o f  
y e a r c l a s s  s t r e n g t h  and it i s  concluded t h e r e f o r e ,  t h a t  t h e  l 
abundance i n d i c e s  of  O-group f i s h  o b t a i n e d  from t h e  a c o u s t i c  
s u r v e y s  g i v e  a  f a i r l y  good e s t i m a t e  of  y e a r c l a s s  s t r e n g t h " .  
Echo abundance i n d i c e s  f o r  t h e  most numerous s p e c i e s  of  O-group 
f i s h  sampled d u r i n g  t h e  i n t e r n a t i o n a l  s u r v e y s  a r e  p r e s e n t e d  i n  
t h i s  p a p e r .  The method of c a l c u l a t i o n  is d e s c r i b e d ,  and t h e  
r e s u l t s  a r e  d i s c u s s e d .  
MATERIAL AND METHODS 
The d i s t r i b u t i o n  and d e n s i t y  of  t h e  p e l a g i c  s c a t t e r i n g  l a y e r s  
have been e s t i m a t e d  from t h e  echosounder paper  r e c o r d s ,  and t h e  
organisms forming t h e  s c a t t e r i n g  l a y e r s  were i d e n t i f i e d  from 
sampl ing  w i t h  s m a l l  meshed p e l a g i c  t r a w l s  (DRAGESUND, M I D T T U N  
and OLSEN 1 9 7 0 ) .  I n  t h e  r e p o r t s  t o  t h e  ICES annua1 mee t ing ,  
d i s t r i b u t i o n  c h a r t s  f o r  e a c h  s p e c i e s  have been g i v e n .  F i g .  2  
shows t h e  d i s t r i b u t i o n  of  r e d f i s h  i n  1972. 
The d e n s i t y  of  t h e  s c a t t e r e r s  h a s  been e s t i m a t e d  by v i s u a l  
g r a d i n g  o f  t h e  paper  r e c o r d i n g s  and c l a s s i f i e d  a c c o r d i n g  t o  t h e  
f o l l o w i n g  code:  
C l a s s i -  No Very S c a t t e r e d  Dense Very 
f i c a t i o n  r e c o r d i n g  s c a t t e r e d  d e n s e  
Dur ing t h e  c r u i s e  t h e  c l a s s i f i c a t i o n  h a s  been c a r r i e d  o u t  on- 
board  t h e  v e s s e l s  f o r  e a c h  n a u t i c a l  m i l e  s a i l e d .  The d i s t r i b u L  
t i o n  c h a r t s  ( F i g .  2 )  o f  O-group f i s h  have ,  a s  a  r u l e ,  been 
g i v e n  two d e n s i t y  g r a d e s ,  s c a t t e r e d  and d e n s e .  T h i s  g r a d i n g  has  
p a r t l y  been based on t h e  v i s u a l  paper  g r a d i n g  and p a r t l y  on t h e  
amount of  f i s h  i n  t h e  t r a w l  c a t c h e s .  By c a r e f u l  examina t ion  of 
a l l  t h e  d i s t r i b u t i o n  c h a r t s  it a p p e a r s  t h a t  t h e  c r i t e r i a  used 
t o  d i s c r i m i n a t e  between s c a t t e r e d  and dense  may have v a r i e d  
somewhat from y e a r  t o  y e a r .  The f o l l o w i n g  method f o r  c a l c u l a t i n g  
t h e  abundance i n d i c e s  was t h e r e f o r e  adop ted .  
4 
A )  A c e r t a i n  number of f i s h  p e r  hau1 was used t o  d i s c r i m i n a t e  
between s c a t t e r e d  and dense  i n  t h e  d i s t r i b u t i o n  c h a r t s .  T h i s  
number was found by examining t h e  t r a w l  c a t c h e s ,  which c o n t a i n e d  
o n l y  one s p e c i e ,  and compared t h e  number of  f i s h  p e r  hau1 w i t h  
t h e  c o r r e s p o n d i n g  v i s u a l  d e n s i t y  g r a d i n g  ( T a b l e  1) .  Assuming 
a  l i n e a r  r e l a t i o n s h i ~  between t h e  l o g a r i t h m  of t h e  c a t c h  and t h e  
v i s u a l l y  e s t i m a t e d  d e n s i t i e s ,  one a r r i v e d  a t  t h e  f o l l o w i n g  
v a l u e s  f o r  d i s c r i m i n a t i o n  between s c a t t e r e d  and d e n s e :  
S p e c i e s  Cod C a p e l i n  R e d f i s h  Po la rcod  
No. of  f i s h  
p e r  hau1 
B )  N e w  d i s t r i b u t i o n  c h a r t s  were drawn up f o r  each spec i -es  where 
t h e s e  v a l u e s  w e r e  used  f o r  t h e  above mentioned d i s c r ' i m i n a t i o n .  
C )  The abundance i n d i c e s ,  T, w e r e  c a l c u l a t e d  from t h e  formula  
Where As and A d e n o t e  t h e  a r e a s  w i t h i n  which t h e  d e n s i t i e s  d  
were found t o  be s c a t t e r e d  ( A s )  and dense  ( A d )  The c o e f f i c i e n t  
k ,  i s  t h e  r a t i o  between f i s h  d e n s i t i e s ,  c l a s s i f i e d  a s  d e n s e  
( 3  and 4 )  and s c a t t e r e d  '1 and 2 ) .  T h i s  c o e f f i c i e n t  was d e t e r -  
mined by DRAGESUND ( 1 9 7 0 b ) t o  have  and approx imate  v a l u e  o f  1 0 .  
Tab le  2 shows t h a t  t h e  echo i n t e g r a t o r  r e a d i n g s ,  o b t a i n e d  
d u r i n g  t h e  1971 c r u i s e ,  i n d i c a t e  a  v a l u e  of  k  between 6 and 8 .  
The c a l c u l a t e d  abundance i n d i c e s  f o r  t h e  p e r i o d  1965-1972, 
u s i n g  k=10, a r e  l i s t e d  i n  Tab le  3. 
For  t h e  p e r i o d  1965-1972 two a v e r a g e  i n d i c e s  have been c a l c u l a t e d  
f o r  each  s p e c i e s  ( T a b l e  4 ) .  Average 1 i s  t h e  a r i t h m e t i c  mean 
of a l l  e i g h t  v a l u e s  and Average 2 i s  t h e  a r i t h m e t i c  mean of  
s i x  of  t h e  v a l u e s ,  t h e  h i g h e s t  and l o w e s t  a r e  exc luded .  F i n a l l y  
a n  i n t e r v a l  was s e l e c t e d  ( T a b l e  3 )  w i t h i n  which t h e  i n d i c e s  
c o r r e s p o n d s  t o  an  a v e r a g e  y e a r c l a s s  s t r e n g t h .  The r a t i o  between 
t h e  upper  and lower l i m i t  of t h e s e  i n t e r v a l s  was chosen t o  b e  
approx imate ly  2 ,  and new e s t i m a t e s  of  y e a r c l a s s  s t r e n g t h  were 
o b t a i n e d  by comparing t h e  i n d i c e s  f o r  e a c h  y e a r  w i t h  t h e  
a v e r a g e s .  
RESULTS AND DISCUSSION 
The r e s u l t s  of t h e  c a l c u l a t i o n ,  and t h e  c o n t r i b u t i o n  t o  t h e  
i n d i c e s  from s c a t t e r e d  and dense  c o n s e n t r a t i o n s  a r e  shown i n  
Tab le  3.  Tab le  4 shows t h e  c l a s s i f i c a t i o n  of  y e a r c l a s s  
s t r e n g t h  g i v e n  i n  t h e  annua1 r e p r  ts  (E1) and found from t h e  
c a l c u l a t e d  a v e r a g e  i n d i c e s  ( E 2 ) .  
For  most of t h e  s p e c i e s  t h e  c o i n c i d e n c e  between t h e  two c l a s s i -  
f i c a t i o n s  i s  good ,bu t  f o r  c a p e l i n  some d i s c r e p a n c i e s  o c c u r .  
I t  seems t h a t  t h e  annua1 e s t i m a t e s  made j u s t  a f t e r  t h e  c r u i s e s  
a r e  more o p t i m i s t i c  t h a n  t h o s e  based on t h e  c a l c u l a t i o n s .  
L a t e r  o b s e r v a t i o n s  on t h e  spawning s t o c k  of  c a p e l i n  have shown 
t h a t  t h e  y e a r c l a s s e s  1967 and 1969 were a p ~ r o x i m a t e l y  e q u a l  i n  
. s t r e n g t h  w h i l e  t h e  1968 y e a r c l a s s  was weaker (DRAGESUND e t  a l .  
1 9 7 3 ) .  T h i s  may i n d i c a t e  t h a t  t h e  i n d i c e s  i n  Table  3  f o r  c a p e l i n  
a r e  s u b j e c t e d  t o  l a r g e  e r r o r s .  
When comparing t h e i n d i c e s  i n  Tab le  3 t h e  v a r i o u s  s o u r c e s  of  e r r o r ,  
and t h e i r  i n f l u e n c e  on t h e  c a l c u l a t e d  numbers, shou ld  be k e p t  
i n  mind. The most i m p o r t a n t  s o u r c e s  o f  e r r o r  a r e :  
1. The r a t h e r  c r u d e  method of  c l a s s i f i c a t i o n  o f  d e n s i t y  from t h e  
r e c o r d i n g  p a p e r .  Although c a r e  h a s  been t a k e n  t o  a v o i d  b i a s e s  
caused  by d i f f e r e n c e s  i n  power and g a i n  s e t t i n g s  o f  t h e  echo- 
s o u n d e r s  by i n t r o d u c i n g  c a l i b r a t i o n  - and c o n t r o l  c o u r s e s ,  t h e  
a c c u r a c y  of t h i s  c l a s s i f i c a t i o n  w i l l  a lways depend on t h e  i n t e r -  
p r e t a t i o n  o f  t h e  d i f  f e r e n t  s c i e n t i s t s .  
2 .  The e r r o r s  i n v o l v e d  i n  t h e  c h o i s e  of c a t c h  p e r  hau1 f o r  d i s c r i -  
m i n a t i o n  between s c a t t e r e d  and d e n s e .  Again t h e  i n t e r p r e t a t i o n  
made by t h e  p e r s o n e l l  i s  a n  i m p o r t a n t  b u t  unknown f a c t o r ,  and 
t h e  nurnber of  f i s h  p e r  hau1 shows l a r q e  v a r i a n c e s  ( T a b l e  1 ) .  
The l a r g e  d i f f e r e n c e s  i n  r e l a t i v e  u n i t s  between c a t c h e s  and 
i n t e g r a t o r  d e f l e c t i o n s  ( T a b l e  2 and 3 )  a r e  p robab ly  caused by 
a  s y s t e m a t i c  u n d e r e s t i m a t i o n  o f  low f i s h  d e n s i t i e s  when u s i n g  
t r a w l s  . 
3.  The d i f f e r e n c e  i n  mean l e n g t h  of t h e  s p e c i e s  each  y e a r , w h i c h  
a f f e c t s  t h e  a v e r a g e  t a r g e t  s t r e n g t h  o f  t h e  i n d i v i d u a l s  and t h u s  
a l s o  t h e  c o n t r i b u t i o n  t o  t h e  i n d e x .  T h i s  might  be  t h e  r e a s o n  
f o r  t h e  low index  f i g u r e  f o r  t h e  1967 y e a r c l a s s  of  c a p e l i n  a s  
compared t o  t h e  1968 y e a r c l a s s .  I n  1967 t h e  O-group c a p e l i n  
was s i g n i f i c a n t l y  s m a l l e r  t h a n  i n  1968 (DRAGESUND 1970c F i g .  3 1 ) .  
For  o t h e r  s p e c i e s  which show less d i f f e r e n c e s  i n  mean l e n g t h  
from y e a r  t o  y e a r ,  t h i s  m a t t e r  i s  b e l i e v e d  t o  be  of  l e s s  impor t -  
ance .  
4 .  The s e l e c t i o n  o f  k.  The e f f e c t  of u s i n q  a  k of  6 o r  8  i n s t e a d  
of  10  can  e a s i l y  be  s t u d i e d  i n  Tab le  3 .  T h i s  w i l l  r educe  t h e  
h i g h e s t  e s t i m a t e s ,  b u t  n o t  change t h e  rank  of t h e  i n d i c e s .  
I n f o r m a t i o n  on t h e  c o n t r i b u t i o n s  t o  t h e  t o t a l  biomass from t h e  
d i f f e r e n t  s p e c i e s  c a n ,  o n l y  t o  a  l i t t l e  e x t e n t ,  be e x t r a c t e d  
from T a b l e s  3 and 4 .  I n  o r d e r  t o  make such a  compar ison,  know- 
l e d g e  o f  t h e  sound r e f l e c t i n g  p r o g e r t i e s  and much more a c c u r a t e  
i n f o r m a t i o n  of  r e l a t i v e  d e n s i t i e s  a r e  needed. F o r  r e l a t e d  
s p e c i e s  l i k e  cod and haddock,  which can  be  assumed t o  have e q u a l  
r e f l e c t i o n  p r o p e r t i e s ,  a  comparison might  h o l d .  
However, even though c o n s i d e r a b l e  i n a c c u r a c i e s  a r e  p r e s e n t  i n  
t h e  f i g u r e s  t h e r e  i s  no d o u b t  t h a t  t h e  i n d i c e s  f o r  e a c h  s p e c i e s  
r e f l e c t  r e l a t i v e  s t r e n g t h s  o f  y e a r c l a s s e s  o f  t h e  O-group f i s h e s  
i n  t h e  B a r e n t s  Sea.  
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